Research into the operant determinants of self-injurious behaviour (SIB) in people with learning difficulties has largely concentrated on the reinforcing effects that the behaviour of others may exert on the occurrence of SIB. In this single case study, the effects of SIB of differential severity on the behaviour of others are considered. The results of continuous, direct natural observations show social contact to be more likely to follow long bursts of SIB than short bursts and to be presented intermittently during and following long bursts of SIB. The implications of this finding for the functional analysis of SIB and the long term maintenance and development of severe SIB are discussed and related to the establishing operations and contingencies which govern the behaviour of the participants in the interaction.
Introduction
Research into the operant determinants of self-injurious behaviour (SIB) in people with learning difficulties has concentrated on establishing the influence of events antecedent to and contingent on self-injurious responding. Investigations have employed analogue methodology (Iwata, Dorsey, Slifer, Bauman and Richman, 1982) , direct natural observations (Maurice and Trudel, 1982; Edelson, Taubman and Lovaas, 1983) and structured, validated questionnaires (Durand and Crimmins, 1988) to describe the functional relationship between environmental events and SIB (see Oliver, 1991) . From these and from intervention studies it is clear that SIB may be maintained by the behaviour of others positively and/or negatively reinforcing SIB and/or sensory stimulation automatically reinforcing responding, i.e. either by positive or negative reinforcement (see Carr, 1977; Murphy and Wilson, 1985) .
This approach to investigating SIB, fostered by the need for interventions, asserts that self-injurious responding is the dependent variable and the behaviour of others the independent variable. A complete behaviour analytic approach, however, would consider the behaviour of the two participants in an interaction to be both independent and dependent variables (Remington, 1991) . Thus, whilst the behaviour of others (an antecedent) may be a sufficient condition to elicit SIB (a behaviour), which may be then followed by, for example, reinforcing attention (a consequence), equally the SIB may be construed as a sufficient condition (an antecedent) to elicit attention (a behaviour) which is then followed by the negative reinforcement of the SIB abating (a consequence), (see Oliver and Head, 1990) . This notion of a reciprocal influence or "control and counter-control" (Skinner, 1971) has been proposed as a crucial process in child/adult interactions (Patterson, 1982; Emery, Binkoff, Houts and Carr, 1983) and in the maintenance of challenging behaviours (Carr and Durand, 1985a; Oliver and Head, 1990) .
There are few studies of the relationship between SIB and the behaviour of others in the natural environment. Those that exist have concentrated on the effect that the behaviour of others may have on the occurrence of SIB (e.g. Anderson, Dancis and Alpert, 1978; Edelson et al., 1983 ). An investigation into the effect that SIB has on the behaviour of others may contribute to the further understanding of both the maintenance of SIB and the development of more severe SIB.
Early studies of the maintenance of SIB demonstrated that responding can be maintained on artificially determined, intermittent schedules of reinforcement (Lovaas, Freitag, Gold and Kassorla, 1965) . Such schedules are potentially the most damaging for the individual as the behaviour is made more resistant to extinction (the partial reinforcement effect) and this maximizes the chances of further generalization and maintenance (Anderson et al., 1978) . Similarly, more damaging responding may occur if a higher intensity or rate of SIB is differentially reinforced (Schaefer, 1970; Oliver, Murphy, Crayton and Corbett, in press ). It has been suggested that these processes of intermittent reinforcement and response shaping may exist in the natural environment by virtue of the functional relationship between SIB, as an antecedent stimulus of variable aversive strength, and the social responses of others, as a variably emitted escape behaviour related to the aversive strength of the antecedent stimulus (Ferster, 1961; Murphy, 1980; Oliver and Head, 1990) .
The above analysis might appear to qualify SIB as a discriminative stimulus (S D ) for the response that terminates it (i.e. social contact). However, it is perhaps more correctly identified as an establishing operation, see Michael (1982) . To establish an S D , a behaviour should be reinforced in its presence and extinguished in its absence (the S A condition). However, escape from SIB can never occur to be extinguished unless SIB is present. Consequently, there is no analogue to the extinction responding that occurs in the absence of an S D . SIB, therefore, is not a discriminative stimulus for negative reinforcement; instead it establishes the potential for reinforcement.
This study examines aspects of the effect that SIB as an establishing operation may have on the behaviour of others by investigating the responses of others to self-injurious behaviour of differential severity.
Method

Subject and setting
K was a 28 year old, ambulant man who lived in a residential unit for people with challenging behaviours situated in the grounds of a large hospital. Assessment of his overall adaptive behaviour (Vineland Adaptive Behaviour Scales; Sparrow, Balla and Cicchetti, 1984) placed him in the severe to profound range of learning difficulty (by reference to supplementary norm tables). K's self-injury was chronic, having occurred for at least 18 years according to medical records. He self-injured by slapping his head and body with either or both of his hands and by banging his head and body on objects. These forms of self-injury were anecdotally reported to occur in bursts of differing length.
Recording techniques, response definitions and interobserver agreement
Observational data were collected on chosen behaviours using an Epson HX-20 lap held microcomputer. The software (Repp, Harman, Felce, Van Acker and Karsh, 1989 ) allows up to 43 separate behaviours to be simultaneously recorded in continuous time and thus avoids any form of sampling. Behaviours can be defined for either event or duration recording, as appropriate, and the raw data saved for later analysis. All data were transferred from the Epson HX-20 to an Acorn BBC Master Microcomputer for analysis using software written by the second author.
Three observed behaviours were defined as follows: 1. Hand to body hits: any vigorous contact between the hand and any part of the body. (Defined as an event.) 2. Body to object hits: any vigorous contact between any part of the body and a fixed object. (Defined as an event.) 3. Social contact: any reciprocated eye contact with a member of the direct care staff on the unit or any verbal response or physical contact directed toward K from staff. (Defined as a duration.)
A second observer independently recorded responses during 10.56% of the total observation time. Agreement was calculated for each behaviour on a 10 second interval-by-interval basis using the formula for Cohen's Kappa (see Murphy, 1987) . Mean Kappa indices of agreement were 0.78 for hand-body hits (range 0.00 to 1.00), 0.94 for body-object hits (range 0.74 to 1.00) and 0.85 for social contact (range 0.00 to 0.97). Low levels of agreement (i.e. Kappa = 0.00) were obtained during sessions in which extremely low levels of responding occurred (i.e. less than 0.1% of the time).
Procedure
K's behaviour and the behaviour of direct care staff were observed in his natural environment on ten days over a period of five weeks. Observations were conducted for a total of 33 hours 12 minutes (mean = 3 hours, 19 minutes per day, range = 2 hours to 4 hours, 52 minutes) in 122 separate sessions. Sessions were terminated after approximately 1200 seconds had elapsed, to counteract observer fatigue, or out of respect for K's privacy and for no other reason (mean duration = 960 seconds, range 316 seconds to 1332 seconds). Generally, K tended to ignore the presence of the observer and on the few occasions when he did not, the observer ignored any attempts by him at social contact, whereupon his interest ceased. At least one member of the direct care staff was present on the unit at any one time.
For the purpose of data analysis, hand-body hits and body-object hits were combined into a single response category of "SIB" and 10 second time intervals were imposed on the raw data. In each interval, target behaviours were considered to be occurring if they were observed at any point in a given interval (equivalent to modified frequency recording).
To consider the different effects of varying durations of self-injurious responding on social contact, bursts of SIB within observation sessions were identified. The onset of a burst was defined as the first response and the offset as a response followed by 18 consecutive 10 second intervals in which no SIB occurred or where no SIB occurred in intervals prior to the end of the observation session. If bursts occurred very close to the beginning of sessions (within the first 30 seconds) they were not included in the analysis as insufficient observational data would have been available on events prior to these bursts. Instead, second bursts were considered for these sessions (provided they were preceded by at least 18 consecutive 10 second intervals without SIB). Similarly, bursts occurring close to the ends of sessions (within the last 30 seconds) were not included in the analysis as insufficient observational data would have been available on events following these bursts.
Following identification of bursts of analysis, two types of burst of SIB were arbitrarily defined. A "long burst" was defined as a unit consisting of occurrences of SIB in more than one 10 second time interval between onset to offset. A "short burst" was defined as a unit comprising occurrence of SIB in an isolated 10 second interval i.e. criteria for onset and offset were fulfilled in the same 10 second interval.
In order to ensure the independence of pre-and post-burst data within each session, if the period containing non-occurrences following a burst led to another burst (i.e. more than 17 non-occurrences intervened between occurrences), then the second burst was not included in the analysis but a following burst may have been.
For both types of burst of SIB, three time periods were defined as follows: prior to a burst (from the beginning of a session to the first point of onset or from the point of offset of a previous burst not considered to the point of onset), during a burst (from the point of onset to the point of offset) and following a burst (either from the point of offset to the end of a session or to the point of onset of another burst which was not considered).
Results
Of the 122 sessions recorded, 32 sessions included observations of K at mealtimes or during planned activities (both of which included "programmed" social contact) and 12 sessions conducted for interobserver agreement data collection (which artificially decreased social contact levels due to observer reactivity). As the purpose of this study was to investigate the relationship between SIB and "naturally" occurring social contact, these data do not form part of the analysis.
Applying the criteria for bursts (see procedure) to the remaining 78 sessions, 26 long bursts and 20 short bursts were identified. The mean duration (i.e. onset to offset inclusive) of long bursts was 31.7, 10 second intervals (range 2 to 102). SIB occurred in a mean of 55% of the total number of 10 second intervals within bursts (i.e. occurrences + non-occurrences). It is possible that a long burst could have consisted of SIB in one interval (onset), 17 consecutive intervals with no occurrences, followed by another single occurrence (offset), thus making the arbitrary distinction between long and short bursts questionable. However, the mean number of consecutive intervals with no occurrences in long bursts was 3.15 (SD = 3.06). There was, therefore, a degree of continuity to long bursts.
As short bursts had a mean "duration" of SIB (i.e. onset to offset) of only one, 10 second interval and by definition, SIB always occurred in this interval, the amount of SIB in long bursts was 17.4 times greater than that in short bursts (i.e. a ratio of 31.7 x 0.55 to 1). This analysis indicates that the distinction between the arbitrarily defined burst lengths was valid.
To examine the probability of social contact prior to, during and following different types of bursts of SIB, the defined time periods (prior, during and following bursts, see above) were divided into percentiles. This was done to allow defined time periods of different lengths to be meaningfully compared without the restriction of a time base. The mean probability of social contact occurring in a given percentile of each time period was then calculated for each period for the two types of burst. The overall mean probability of social contact was also calculated. The relative proportions of social contact occurring prior to, during and following SIB bursts together with the sequential nature of this relationship could thus be examined. Figure 1 shows a plot of the mean probability of the occurrence of social contact for each percentile within each defined period and the overall mean probability of social contact, together with an upper 99% confidence limit (i.e. +2.56 standard deviations of the overall mean probability of social contact). Figure 1 can be considered to depict the mean trend of the probability of social contact centred around both long and short bursts of SIB. Prior to both long and short bursts, the probability of social contact shows a steadily decreasing trend to a low of approximately 0.05. For long bursts of SIB, time series analysis (SPSS, Inc., 1987) showed the probability of social contact to significantly increase between prior and during periods (£(197) = 4.37,p < 0.001) rising to a mean of approximately 0.2. There is also a significant change in trend, between prior and during periods (t(197) = 3.90, p < 0.001), with an increasing probability of social contact throughout the burst to a peak of above 0.35. A comparable figure for short bursts of SIB was calculated by considering whether social contact occurred concurrently in the 10 second interval during each burst. This shows that the mean probability of social contact remained at the same level as that prior to a short burst (i.e. approximately 0.05).
For long bursts of SIB, the probability of social contact shows a further significant PERCENTILES FOR EACH DEFINED PERIOD FIGURE 1. Plot of the mean probability of social contact at each percentile of the defined periods prior to, during and following long and short bursts of SIB. The overall mean probability of social contact is also shown together with an upper 99% confidence limit.
increase between during and following periods (r(197) = 2.06, p < 0.04) with a peak of approximately 0.45, together with a significant change in trend between during and following periods (t(197) = 4.54, p < 0.001). Additionally, it can be seen that in the early stages of the period following SIB, the conditional probability of social contact given a long burst of SIB exceeds the upper 99% confidence limit for the overall mean probability of social contact. Following a short burst of SIB, this pattern is not evident. The probability of social contact rises to above 0.1 and fluctuates about that mean level, well below social contact levels after long bursts. An alternative method of looking at the relationship between length of burst and the probability of social contact was also employed. Each burst "duration" was categorized into one of a number of whole minute time periods (range = less than 1 minute to 17 minutes). The probability of social contact occurring within 10 seconds of the end of each burst was determined. The mean of these probabilities, which were either one (there was social contact) or zero (there was no social contact) were then averaged for burst length categories (e.g. if there were 8 bursts in a given category of burst length and 2 of these had social contact occurring within 10 seconds of the end of each burst, then the mean probability of social contact within that category would be 0.25). Analysis showed the category of burst "duration" to be significantly positively correlated with the mean probability of social contact in each category, (r (10) = 0.62, p < 0.02).
Discussion
From considering the pattern of the probability of social contact in Figure 1 for long bursts of SIB, there are four possible hypotheses for the determinants of selfinjurious responding, two of which may be dismissed. An exclusively biological hypothesis would predict that SIB is independent of prior conditions, i.e. that the probability of social contact should be equal to its overall mean probability, and this is not the case. Conversely, the hypothesis that SIB has the function of escape from social interactions and/or instructional settings would predict that the probability of social contact prior to SIB would exceed its overall mean probability and this is also not the case (cf. Edelson et al., 1983) . As neither of these predictions are upheld, these hypotheses are not supported.
The two remaining hypotheses are that the SIB is automatically reinforced by stimulation or reinforced by contingent attention. The sensory reinforcement hypothesis would predict either that SIB is independent of the level of social contact prior to SIB or that the level of social contact is low prior to SIB, i.e. there is deprivation of stimulation and social contact is one form of stimulation (cf. Iwata et al., 1982) . The attention maintained hypothesis would predict a low level of social contact prior to SIB (reinforcer deprivation) and a higher level of contact following SIB (cf. Carr and McDowell, 1980; Carr and Durand 1985b) . Clearly then, it is not possible to unequivocally determine which reinforcer is operative in this instance as the high level of social contact following SIB may simply be temporally and not functionally related to SIB. Equally, however, for either hypothesis it seems likely that the consequence of social contact is a potential reinforcer either by virtue of its stimulatory or social component and this interpretation will be adopted for the following discussion.
Given this interpretation, the pattern of the interaction conforms to the general model proposed by Oliver and Head (1990) . The social contact initiated by others is primarily governed by the SIB of the subject, with the conditional probability of social contact, given a long burst of SIB, exceeding the overall mean probability of social contact at a statistically significant level. This may be interpreted as the SIB comprising an aversive stimulus to others which evokes social contact as an escape behaviour (Ferster, 1961; and see Carr, Taylor and Robinson, 1991) .
When SIB terminates, the aversive stimulus (SIB) is removed and the escape behaviour (social contact) ceases. Subsequent to this, when SIB occurs again, an escape response is evoked and so on. (The pattern of the relationship between social contact and SIB presented in Figure 1 may therefore be seen as cyclical, as antecedent and subsequent trends are similar.) In this way, the SIB may be seen as an establishing operation since it establishes the potential for reinforcement i.e. the termination of SIB, and simultaneously increases the frequency of the caregiver(s) making social contact as an escape behaviour (see Michael, 1982) .
Two further points arise from this analysis and the data in Figure 1 . Firstly, prior to SIB occurring, it is to some extent unclear as to whether the influential antecedent for SIB is either the presentation of a discriminative stimulus for the availability of reinforcement (i.e. social contact) or an establishing operation of reinforcer deprivation (see Vollmer and Iwata, 1991) . The latter hypothesis is thought to be the most likely since others were present (and not engaged in social contact) on many occasions without SIB beginning. This interpretation has implications for some methods of functional analysis and this is discussed below. Secondly, it may be seen that social contact is presented on an intermittent schedule subsequent to long bursts of SIB i.e. the probability of its occurrence is almost 0.5, approximating to a VR2 schedule for the defined units of behaviour. Similarly, during long bursts of SIB, social contact is intermittently and increasingly presented. From these data it appears that a complex, intermittent, variable ratio schedule of reinforcement is operating in the natural environment (cf. Lovaas et ai, 1965) . Such a schedule is likely to maintain responding over long periods of time.
Comparing the differing SIB burst lengths, longer bursts were significantly more likely to evoke social contact than shorter bursts. Assuming that social contact was reinforcing, these data suggest that differential reinforcement of longer bursts of SIB was occurring. An interpretation of this finding is that longer bursts comprised a more aversive stimulus to others than shorter bursts and were thus more likely to evoke an escape behaviour i.e. social contact. Shorter bursts may have become less aversive to others as they became desensitized to them over time (see Oliver and Head, 1990) , but this can only be examined in a prospective study.
Taken together, these findings have implications for the functional analysis of SIB. Maurice and Trudel (1982) , for example, reporting on the direct natural observation of SIB for 36 subjects note that events prior and subsequent to SIB were recorded on only 6% and 6.25% of occasions respectively. If a similar analysis were undertaken here, employing the last 50 percentiles prior to SIB and the first 50 percentiles subsequent to SIB, the comparable figures would be approximately 7% and 19% respectively. The most commonly reported A-B-C sequence in this instance (combining both short and long bursts) therefore would be no antecedent -» SIB -> no consequence. Consequently, potentially influential antecedents and reinforcers would be given limited, if any, consideration. This analysis may therefore have suggested either biological or self-stimulatory determinants of the SIB.
This interpretation occurs primarily because such a functional analysis may be insensitive to intermittent schedules of reinforcement (see Kiernan, 1973; Blackman, 1985) , relies on observing discriminative stimuli as opposed to establishing operations, such as reinforcer deprivation (see Oliver, 1991) , and fails to consider the unconditional and conditional probabilities of events.
In this study, reciprocal effects between the behaviours of individuals have been explored with the emphasis on the effect that self-injurious behaviour has on the behaviour of others. This type of analysis broadens consideration of the determinants of challenging behaviour from a focused evaluation of the effects of reinforcement on responding. Clearly, a more complex analysis would consider other behaviours in each participant's repertoire, the influence of a range of setting factors and an examination of wider systemic variables. Whilst such analyses are complex, they would add another dimension to the behavioural analysis of challenging behaviours and perhaps indicate additional determinants of the efficacy of interventions.
When using operant techniques to teach desirable behaviours, major difficulties are often encountered in achieving maintenance in the natural environment. In this case, assuming that social contact was positively reinforcing, the pattern of social contact and self-injurious responding represents the antithesis to an intervention employing extinction and DRO and has inherent features that will ensure the continuance of the interaction. SIB then, by virtue of its effect on the behaviour of others, appears to naturally establish productive operant processes that ensure its maintenance and severity over long periods of time.
